costs dramatically, 9, 10 such as Japan, the United Kingdom, United States, Finland, Canada, Netherlands, and Ireland. 11 This is the first study that estimates deaths from CVDs attributable to high sodium intake in Shandong where the SMASH (Shandong-Ministry of Health Action on Sodium and Hypertension) is currently underway 7 and predicts the potential difference in mortality using different sodium reduction targets.
Methods
The data that support the findings of this study are available from the corresponding author upon reasonable request. Following the updated Comparative Risk Assessment framework of the GBD, 4, 12 we first measured the effects of high sodium intake on BP (ie, the BP values attributed to sodium intake above a reference level). Next, we quantified the attributed deaths from CVDs to elevated BP at present and with effects removed for high sodium intake in the first step. Finally, we calculated the number of CVDs deaths attributed to high sodium intake mediated through elevated BP. Uncertainty analysis was applied to address the potential random variations, system errors, and faults of input data from multiple sources. Following the same methods, we estimated CVDs deaths averted by achieving different sodium-reduction targets.
Data Sources
Exposure data of sodium intake and BP
The 24-hour urinary sodium excretion was used as the goldstandard measure for sodium intake [13] [14] [15] and systolic BP (SBP) was identified as the exposure proxy for BP 4 consistent with the Comparative Risk Assessment framework of the GBD. The 24-hour urinary sodium data in 2011 for Shandong were obtained from the baseline survey of the SMASH study of 2061 participants aged 18 to 69 years who had been living locally for more than 6 months. Data were taken using the 4-stage stratified cluster random sampling method from participants who were enrolled from 52 administrative villages/ neighborhood committees, of 52 towns/subdistricts, of 20 counties/districts. 7 Design weight sampling and population structure adjustments were involved to ensure the provincial representativeness of the study. The SBP data for Shandong were also extracted from the 2011 SMASH, which was conducted at 52 towns/subdistricts across 20 counties/districts of Shandong with provincial representativeness. 7 Overall, 15 350 participants aged 18 to 69 years living locally more than 6 months were enrolled using the multistage stratified cluster random sampling method at each point. BP value was measured with a HEM-7071 OMRON (OMRON Corporation, Kyoto, Japan) electronic BP meter 3 times, and the average of the last 2 was adopted in the final analysis. Sampling design weight and population structure adjustments were also considered to ensure provincial representativeness. 16 In total, there were 1769 and 13 272 participants aged 25 to 69 years included in the final analysis for 24-hour urinary sodium and BP, respectively.
Mortality data
Data of cause of death in 2011 were derived from the Shandong Death Registration System, which has covered the entire population across the whole province since 2010, and was adjusted with the annual population-based underreporting investigation. 17 Garbage codes of cause of death were redistributed according to the well-established methods in the GBD study, 18 and all the data mapped age-, sex-, and cause-specific mortality.
Effects of high sodium intake on BP 
Clinical Perspective
What Is New?
• We first assessed the numbers on life saved from sodium reduction using modeling approach with data from Shandong where the SMASH (Shandong-Ministry of Health Action on Sodium and Hypertension) project is currently underway.
• Nearly 20% of cardiovascular disease deaths among the adults aged 25 to 69 years were attributable to high sodium intake in Shandong in 2011.
What Are the Clinical Implications?
• The potential benefits of reducing sodium intake are considerable.
• The implementation of SMASH-like interventions elsewhere in China, even other alike counties, is expected to be helpful in reduction of cardiovascular disease deaths. reference in this model for the present study focused on CVDs, 12 and also the reference level of 43.5 mmol/day (or 1000 mg/day) consistently with the GBD study, 4 was utilized to replicate the estimates as a sensitivity analyses. The reference level connotes the minimum risk exposure to sodium intake on BP.
Causal health outcomes of elevated BP and the relative risk
In accord with the Comparative Risk Assessment in the GBD study, 4 ischemic heart disease, stroke, rheumatic heart disease, endocarditis, cardiomyopathy and myocarditis, aorta aneurysm, hypertensive heart disease, atrial fibrillation, peripheral vascular disease, and other circulatory diseases were identifed as the health outcomes of CVDs etiologically associated with elevated BP, and their relative risk (RR) per 10 mm Hg increase in SBP by age group (25 years and above) for each health outcome was used in our study ( Table 2 ). Causal health outcomes of elevated BP and their RR were calculated by GBD study team using meta-analysis based on randomized controlled trials, large cohort studies, and confounding factors were consistently adjusted. Regression dilution bias was also adjusted in the modeling of BP measures over time. 4, 20 Statistical Analysis
Cardiovascular mortality attributable to elevated BP PAF (population-attributable fractions) was calculated to obtain the proportion of CVDs deaths attributable to elevated BP by comparing the observed distribution of SBP to a theoretical minimum or counterfactual distribution for each disease by sex and age group. The formula with BP treated as a continuous variable was:
where RR(x) is the relative risk at SBP level x; P(x) is the observed population distribution of SBP; P'(x) is the theoretical minimum SBP distribution (mean of 115 mm Hg with SD of 6 mm Hg) or other counterfactual distributions; and m is the maximum amount of SBP level. 4 CVD mortality attribu- Cardiovascular mortality attributable to the SBP-raising effect of high sodium intake
We assumed that PAF1 is the attributable fraction of CVDs deaths to elevated BP (SBP) at present or in an observed population. The formula was:
where RR(x) is the relative risk on etiologically associated diseases at SBP level x, which was derived from the GBD study based on meta-analysis with pooled data worldwide involved; P1(x) is the observed or present population distribution of SBP by age group, which comes from Shandong province in 2011; P'(x) is the theoretical minimum SBP distribution (mean of 115 mm Hg with SD of 6 mm Hg); and m is the maximum amount of SBP level. Then, we assumed PAF2 accounts for the attributable fraction of CVD deaths to elevated BP (SBP) after removing the effects of high sodium intake above the reference level in the same population. The formula was:
where RR(x) is the relative risk on etiologically associated diseases at SBP level x, which is same as that in the calculation of PAF1; P2(x) is the distribution of SBP by age group after removing the effects of high sodium intake above the reference level (2000 or 1000 mg/day) in the same population of Shandong in 2011; P'(x) is the theoretical minimum SBP distribution (mean of 115 mm Hg with SD of 6 mm Hg), which is same as that in the calculation of PAF1; and m is the maximum amount of SBP level. Finally, the attributable CVDs deaths to the SBP-raising effect of high sodium intake can be expressed as (PAF1ÀPAF2)9D, where PAF1ÀPAF2 represents the Alternative exposure distribution setting of sodium intake
We applied 3 alternative sodium intake distributions to track the effects of sodium reduction on CVDs deaths by comparing with baseline distribution observed in 2011: (1) The 24-hour urinary sodium mean for each sex and age group was decreased from the baseline level to 4000 mg/day (or %10 g/day of salt), which is the goal of SMASH, 7 and the 24-hour urinary sodium mean for each sex and age group was decreased from the baseline level to 3500 mg/day (or %9 g/ day of salt), which is the goal of chronic disease control and prevention of China 21 ; (2) the 24-hour urinary sodium mean for each sex and age group was decreased by 30% compared with the baseline level, which is the global target for the prevention and control of noncommunicable diseases recommended by the World Health Organization. 22 
Uncertainty analysis
Monte Carlo simulation techniques were used to present uncertainty ranges around point estimates by assigning probability distributions to model variables with risk and generating random numbers based on those distributions.
23
@RISK software (version 6.1 for Excel; Microsoft Corporation, Redmond, WA) 24 was used to calculate uncertainty ranges.
We defined risk-factor exposure levels and RR value as the input variables (RR as a lognormal distribution and others as normal distributions). The attributable fractions, attributable CVDs deaths, were treated as the output variables. For each of the output variables, 95% uncertainty intervals were calculated using the 1000 iteration values generated between the 2.5th and 97.5th percentile.
Ethics Considerations
The baseline survey in SMASH survey received ethical approval from the ethics committee in Shandong. All enrolled participants gave written and informed consent for participation, and the records/information of participants was deidentified before analysis.
Results

Urinary Sodium Excretion and SBP Level in Shandong
The means of 24-hour urinary sodium by age among Shandong adults ranged from 225.48 to 264.13 mmol/day in men and 209.57 to 245.96 mmol/day in women. The mean level of 24-hour urinary sodium was higher in men than women ( Table 3 ). The mean SBP by age in Shandong ranged from 119.08 to 135.04 mm Hg among men and 107.15 to 137.91 mm Hg among women. The overall trend of the SBP means increased with age, and the mean SBP for males was generally higher than that for females in those aged <60 years, but lower among those aged >60 years (Table 4) .
Cardiovascular Mortality Attributable to Elevated BP
Overall, there were 81 012 CVD deaths among those aged 25 to 69 years in Shandong in 2011, of which 41 600 (95% uncertainty interval, 27 700-55 800) could be attributed to elevated BP accounting for 51.3% of total CVD deaths ( Table 5 ). The PAF is slightly higher in men than in women.
The PAF for stroke is the highest (Figure) .
Cardiovascular Mortality Attributable to the SBPRaising Effect of High Sodium Intake
An estimated 16 100 (95% uncertainty interval, 11 000-22 600) CVD deaths among those aged 25 to 69 years (11 000 men and 5100 women) were attributable to the SBPraising effect of high sodium intake (2000 mg/day as a reference) in Shandong, accounting for 19.9% (95% uncertainty interval, 13.7-25.0%; 21.0% for males, 17.8% for females) of total CVD deaths. CVD deaths attributable to the SBP-raising effect of high sodium intake mainly resulted from stroke, followed by ischemic heart disease, in both men and women ( Table 6 ). The PAF is slightly higher in men than that in women. The PAF for stroke is the highest (Figure) . Lowering the reference level from 2000 to 1000 mg/day of sodium increased CVD deaths among residents aged 25 to 69 years attributed to the SBP-raising effect of high sodium intake by %37.9% to 22 200 (13 400-31 200) in Shandong (Table 7) .
If sodium intake for each sex and age group was reduced from the baseline level in 2011 to 3500 mg/day, 4000 mg/ day, or reduced by 30%, respectively, in Shandong, the potential avoidable CVD deaths attributable to the SBP-raising effect of high sodium intake were 8800 (6400-13 600), 6700 (4900-11 600), and 8500 (6000-10 800; Table 8 ). 
Discussion
Consistently with the GBD Comparative Risk Assessment framework, we collected local data and estimated %19.9% of total CVD deaths among adults aged 25 to 69 years (16 100) in 2011 was attributed to the SBP-raising effect of high sodium intake >2000 mg/day in Shandong. The estimate for Shandong in our study is higher than the result in China from Mozaffarian et al (15.3%), also at the reference level of 1000 mg/day. 12 Our results are lower than the estimates from the GBD 2010, 25 but higher than that from Liu et al, 26 probably because we used local data available in modeling. Nevertheless, the percentages of total CVD deaths attributed to the SBP-raising effect of high sodium intake in Shandong is much higher than the average level worldwide (9.5%). 12 For the first time, we estimated the burden of disease attributable to high sodium intake at a provincial level. Strokes account for the largest number of deaths from CVDs attributed to the SBP-raising effect of high sodium intake in Shandong, followed by ischemic heart disease. This also reflects the overall patterns of vital statistics given that stroke is the leading cause of death. 18 Besides high sodium intake, the other potential risk factors of elevating BP involve obesity, physical inactivity, insufficient intake of fruit and vegetables, and excessive drinking. However, high sodium intake remains a major risk factor. 4, 25 Because of the substantial burden of disease attributable to high sodium intake, many countries have taken measures to reduce sodium intake to bring down BP. For instance, the United Kingdom has obtained successful results by setting up the action group "Consensus Action on Salt and Health," recommending ≤6 g/day (or 2400 mg/day of sodium) of salt intake throughout the country and by urging supermarkets and food companies to reduce additive amounts of sodium by 10% to 15%. 11, 13 Likewise, Finland has achieved favorable results by initiating a systematic approach, including mass media campaigns, cooperation with food companies, and legislation of salt labeling to reduce salt intake among its people. 13 Other countries, including Japan, Australia, Ireland, Canada, Netherlands, the United States, etc, also have achieved good effectiveness. However, most countries, especially developing countries, have not carried out effective sodium reduction projects. 13 Responding to the World Health Organization's campaign on chronic disease prevention and control, the Chinese government initiated "China Healthy Lifestyles for All" in 2007, 27 advocating a low-salt diet and setting 9 g/day of dietary salt intake as the goal of chronic disease control and prevention in China. In addition, in 2011, the Government of Shandong Province and the National Health and Family Planning Commission (formerly Ministry of Health) collaboratively launched the SMASH project, introducing interventions to reduce sodium intake and prevent and control hypertension across the province. 7 It is expected that our study may provide a basis for evaluating the effectiveness of the salt reduction strategies implemented in Shandong province, or Organization recommendation 22 could be achieved, respectively. Calculation of the number of deaths avoided or lives saved under different targets using the same methods, along with data on intervention costs, can be used in costeffectiveness analysis and cost-benefits analysis, which would provide a basis for policy priority development. There are limitations in our study. First, the quantitative effects of high sodium intake on BP and RR values for SBP on CVD were all directly obtained from Cochrane studies and the GBD study (mainly meta-analysis), respectively. The effect estimates we applied here may not able to represent the true effect in Shandong or the Chinese population, given that they were calculated based on the pooled global data mainly with white people involved. However, it will not affect the results of longitudinal comparison within the same region as well as the horizontal comparison among a population with similar characteristics. Second, the 24-hour urinary sodium, SBP values, and mortality data used in this study were derived from survey or surveillance, and data quality would be inevitably impacted by the field work, although quality-control measures and analytical adjustments implemented.
In conclusion, the number of CVD deaths attributable to the SBP-raising effect of high sodium intake in Shandong is high. The potential benefits of reducing sodium intake are considerable. The implementation of SMASH-like interventions elsewhere in China, even other alike counties, is expected to be helpful in reduction of CVD deaths. 
